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PURPOSE: To provide a vapor growth method of a high-quality single-crystal GaN layer. 
CONSTITUTION: GaN buffer layer 2 is deposited on a sapphire substrate 1 by metal organic vapor-phase 
epitaxy(MOVPE) at 600 deg.C by supplying trimethylgallium(TMG) and ammonium with hydrogen as a carrier 
gas. Then, the supply of TMG is stopped, temperature is increased to 1030 deg.C within the mixed atmosphere 
of ammonium and hydrogen, and further single-crystal GaN layer 3 is deposited, by adding triethylgallium{TEG). 
Therefore, by switching a feed gas, a flat GaN buffer layer with less residual impurity can be deposited over a 
wide temperature range, the mixture of such impurity as carbon can be suppressed in the growth of the single- 
crystal GaN layer, and a GaN single crystal with an improved C-axis orientation property and a high 
crystallizability can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the gallium nitride system semi-conductor characterized by having the process which deposits 
a GaN deposit using trimethylgallium, and the process which uses triethylgallium and deposits a GaN single crystal layer on said GaN 
deposit above said deposition temperature. 

[Claim 2] The manufacture approach of a gallium nitride system semi-conductor according to claim 1 that deposition temperature of a 
GaN deposit is characterized by 500-degree-C or more being 600 degrees C or less. 

[Claim 3] The manufacture approach of the gallium nitride system semi-conductor according to claim 1 characterized by a substrate 
being a sapphire C side. 

[Claim 4] The manufacture approach of the gallium nitride system semi-conductor characterized by having the process which deposits 
a GaN deposit using trimethylgallium, the process which carries out predetermined time heat treatment of the substrate which 
deposited said GaN deposit at the temperature beyond said deposition temperature in the gas ambient atmosphere containing a 
nitrogen atom, and the process which uses triethylgallium and deposits a GaN single crystal layer after said heat treatment above said 
deposition temperature. 

[Claim 5] The manufacture approach of the gallium nitride system semi-conductor according to claim 4 characterized by a heat 
treatment ambient atmosphere being the mixed gas of ammonia and hydrogen. 

[Claim 6] The manufacture approach of the gallium nitride system semi-conductor according to claim 4 characterized by heat 
treatment temperature being 1000 degrees C or more. 

[Claim 7] The manufacture approach of the gallium nitride system semi-conductor according to claim 4 characterized by heat 
treatment time amount being 1 or less hour. 

[Claim 8] The gallium nitride system semi-conductor characterized by having the GaN low-temperature deposit deposited using 
trimethylgallium, and the GaN single crystal layer which used triethylgallium and was deposited on said deposit above said deposition 
temperature. 

[Claim 9] Semiconductor laser characterized by having the double hetero structure which consists of an AIGaInN system semi- 
conductor on a gallium nitride system semi-conductor according to claim 8. 

[Claim 10] Semiconductor laser according to claim 9 characterized by having used the InGaN layer for the barrier layer and using a GaN 
layer for a barrier layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the vapor growth approach of a gallium nitride system semi-conductor of having 
excelled electrically, optically, and in crystal structure especially with respect to the manufacture approach of the gallium nitride 
system semi-conductor used for the light emitting diode covering the wavelength of an ultraviolet region, or the semiconductor laser 
diode in this wavelength region from blue. 
[0002] 

[Description of the Prior Art] The blue light emitting device is expected as the light source for optical disks in which a full color display 
and high density record are possible, and research is briskly made using groups III-V semiconducter, such as II-VI group compound 
semiconductors, such as ZnSe, and SiC, GaN. Blue light emitting diode is realized especially recently using GaN. GaInN, etc.. and the 
light emitting device using a gallium nitride system semi-conductor attracts attention. Generally as the deposition approach of a gallium 
nitride system semiconducting crystal, metal-organic chemical vapor deposition (MOVPE law) and a molecular beam epitaxy method 
(MBE law) are used. 

[0003] For example, if the deposition approach using the MOVPE method is explained, after supplying the trimethylgallium (TMG) and 
ammonia (NHS) of an organic metal on a substrate by making hydrogen into carrier gas and depositing the GaN buffer layer of a 
polycrystal condition on the fission reactor in which silicon on sapphire was installed at the temperature of about 600 degrees C, supply 
of TMG which is Ga raw material is suspended, and the temperature up of said substrate is carried out to about 1000 degrees C. Next, 
TMG is again supplied on said substrate and a GaN single crystal layer is deposited. 

[0004] Although there is other triethylgallium (TEG) etc. as a Ga raw material, also in which case, it is the description in the vapor 

growth of a GaN buffer layer and a GaN single crystal layer that Ga raw material is the same object. 

[0005] 

[Problem(s) to be Solved by the Invention] However, in vapor growth like the conventional technique, electric [ a GaN single crystal ], 
optical, and all crystal structure-properties cannot be made into high quality. For example, even if the GaN single crystal used for the 
blue light emitting diode using TMG as a Ga raw material is excellent in crystal structure, level exists in a forbidden band for a residual 
impurity or a defect, and this makes implementation of semiconductor laser impossible. 

[0006] Moreover, although the outstanding GaN single crystal can be produced in crystal structure when TEG is used as a Ga raw 
material, in order to control surface irregularity, it is necessary to deposit a GaN buffer layer at low temperature considerably, and as a 
result, a lot of impurities and defects will exist in a buffer layer, and the optical property of the GaN single crystal layer on it was 
reduced. If the deposition temperature of a GaN buffer layer is raised in order to control impurity mixing into a crystal. GaN serves as a 
single crystal and it deposits on a substrate, and since the grid mismatching of a substrate and a GaN crystal is especially large on 
silicon on sapphire, surface irregularity becomes large, and component structure of a light emitting device cannot be deposited. 
[0007] The purpose of this invention is offering the manufacture approach of a gallium nitride system semi-conductor of having solved 
the above-mentioned trouble and having excelled electrically, optically, and in crystal structure. 
[0008] 

[Means for Solving the Problem] Above-mentioned The means for solving a technical problem is as being shown below. 
[0009] The first means is the manufacture approach of the gallium nitride system semi-conductor characterized by consisting of a 
process which uses trimethylgallium and deposits a GaN low^emperature deposit below 500 degrees C or more 600 degrees C on a 
substrate in the MOVPE vapor growth of a gallium nitride system semi-conductor, and a process which uses triethylgallium and 
deposits a GaN single crystal layer on said GaN low-temperature deposit above said deposition temperature. When a sapphire C side is 
especially used as a substrate, it is the manufacture approach of an effective gallium nitride system semi-conductor. 
[0010] The process at which trimethylgallium is used for the second means and it deposits a GaN low-temperature deposit on a 
substrate in the vapor growth of a gallium nitride system semi-conductor. The process which carries out fixed time amount heat 
treatment of the substrate which deposited said GaN low-temperature deposit at the temperature beyond said deposition temperature 
in the mixed-gas ambient atmosphere of ammonia and hydrogen. It is the manufacture approach of the gallium nitride system semi- 
conductor characterized by consisting of a process which uses triethylgallium and deposits a GaN single crystal layer after heat 
treatment above said deposition temperature. It is the manufacture approach of an effective gallium nitride system semi-conductor to 
perform said heat treatment [ within 1 hour] above 1000 degrees C especially. 
[0011] 

[Function] Since according to the manufacture approach of the first gallium nitride system semi-conductor of above-mentioned this 
invention it faces depositing a GaN buffer layer using TMG and the GaN buffer layer of polycrystal can be deposited at an elevated 
temperature, a buffer layer with little mixing of an impurity can be formed. Since a buffer layer does not become polycrystal at an 
elevated temperature but becomes a single crystal when TEG is used for material gas, this layer is not suitable for a buffer layer. It is 
related to the decomposition temperature of material gas whether it becomes a single crystal here or it becomes polycrystal. That is. if 
it deposits at temperature higher than the decomposition temperature of material gas, it will become a single crystal, and it will become 
polycrystal if it deposits at low temperature. In this invention, since TEG gas with high decomposition temperature is used and the 
deposition temperature lower than decomposition temperature itself can be comparatively set as an elevated temperature, it is an 
elevated temperature and a buffer layer can be deposited with polycrystal. Mixing of an impurity can be lessened by depositing at an 
elevated temperature. Moreover, since a buffer layer is polycrystal, surface irregularity can make it flat small. 
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[0012] If it collects above, and a GaN buffer layer is deposited using TMG, since the decomposition temperature of TMG is higher than 
the decomposition temperature of TEG about 100 degrees C, at an elevated temperature, over a large temperature region, surface 
irregularity is small and the GaN buffer layer of polycrystal with little oxygen with large effect can be deposited on a residual impurity, 
especially crystallinity. As the reason nil why the decomposition temperature of TMG is higher than TEG about 100 degrees C is shown 

drawing 2 (a) and (b), since the molecule coupled directly with Ga has mass smaller than the ethyl group in TEG which is a methyl 
group and is shown in drawing 2 (b), and binding energy is large, it thinks by TMG of (a). 

[0013] Furthermore, in the case of growth of the GaN single crystal on a buffer layer, by changing to TEG as a Ga raw material, it 
excels in 0 shaft stacking tendency, and carbon mixing of the residual impurity which is the cause of a deep level is controlled. 
[0014] If it heat-treats in the mixed ambient atmosphere of ammonia and hydrogen above 1000 degrees G before the GaN single crystal 
growth on a buffer layer even if it deposits the GaN buffer layer of an especially bad polycrystal condition crystalline at low 
temperature 500 degrees 0 or less according to the manufacture approach of the second gallium nitride system semi-conductor of 
above-mentioned this invention, and it is possible to single-crystalHze a buffer layer to some extent and a GaN single crystal is 
deposited on this, a crystalline good GaN single crystal will be obtained. If heat treatment is performed more than it well [ it is desirable 
and / for less than 1 hour ], surface irregularity will increase and it will serve as an opposite effect. 
[0015] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. 

[0016] (Example 1) As shown in drawin g 1 , first, on the silicon-on-sapphire 0 side 1, trimethylgallium (TMG) is used and the GaN buffer 
layer 2 is deposited, crystal growth — organic metal vapor growth (MOVPE) — it carries out by law. 

[0017] It precedes carrying out vapor growth first, and after it installs silicon on sapphire 1 on the susceptor in a fission reactor and it 
carries out evacuation, in the hydrogen ambient atmosphere of 70Torr, it heats for 15 minutes at 1100 degrees 0. and substrate 
surface cleaning is performed. 

[0018] Next, after cooling to 600 degrees 0, shunt a part for 60micro mol/for TMG, a part for 2.5l-/and carrier hydrogen are 
2I-/Shunted for ammonia, arid 50nm of GaN buffer layers 2 is deposited. 

[0019] Next, after suspending only supply of TMG and carrying out the temperature up of the temperature to 1030 degrees C, TEG is 
supplied by 60micro mol/and 1.2 micrometers of GaN single crystal layers 3 are deposited. Next, only supply of TEG is suspended and it 
cools to a room temperature in the mixed ambient atmosphere of ammonia and hydrogen. 

[0020] Although the above temperature profile and gas supply profile are as being shown in drawing 3 , it is the description to switch 
material gas to TEG from TMG. . 

[0021] Next, the effectiveness of depositing the GaN buffer layer 2 using TMG is explained. Drawing 4 is the growth temperature 
dependence of the surface roughness (irregularity) at the time of growing up in a GaN low-temperature deposit, i.e., a buffer layer, on 
silicon on sapphire by the MOVPE method. 

[0022] According to the experiment, when TMG was used for material gas, it was the small flat front face of roughness below 600 
degrees 0, but when TEG was used, a flat front face was not able to be obtained at 500 degrees C lower than the case where TMG is 
used. It is thought of for the single crystal of GaN to begin to carry out nuclear growth on the large silicon on sapphire of grid 
mismatching that roughness will increase if it becomes an elevated temperature, and it cannot deposit a flat GaN single crystal on the 
GaN buffer layer which had the large front face of roughness in this way. 

[0023] Moreover, below 500 degrees 0, GaN hardly accumulated also in which raw material. Therefore, when TEG is used as a raw 
material of a GaN buffer layer, growth temperature is limited to about 500 degrees 0, and fluctuation of the quality of a GaN single 
crystal layer takes place by change of some conditions. 

[0024] On the other hand, if TMG is used for deposition of a buffer layer, about 100-degree 0 temperature region is covered, a flat 
front face is obtained, and it can deposit on large growth conditions so that drawin g 4 may show. Furthermore, the deposition 
temperature is also realizable at temperature higher than the case where TEG is used. Such an advantageous point is control of 
incorporation of a residual impurity that growth temperature is high. This is explained using drawing 5 . 

[0025] Drawing 5 shows the depth profile which analyzed the residual impurity in the sample which used TMG and deposited the GaN 
buffer layer (a low-temperature deposit, 600 degrees 0) and the GaN single crystal layer (an elevated^emperature deposit, 1030 
degrees 0) on silicon on sapphire by SIMS. In the low-temperature deposit, carbon, oxygen, and hydrogen were contained considerably, 
and most these were limit-of-detection extent in the layer with high growth temperature. Since especially oxygen causes a defect 
which has diffused a few in the GaN single crystal layer, and makes a deep level, it is necessary to control this. 
[0026] However, if TEG is used as a raw material of a buffer layer, it is necessary to make growth temperature of a buffer layer into 
100 more degree-C low temperature, and mixing and diffusion of an impurity will become more serious. Therefore, it turns out that it is 
effective also from a viewpoint of mixing of an impurity in the direction which used TMG as a raw material of a GaN buffer layer. 
[0027] Next, the effectiveness at the time of using TEG as a raw material of the GaN single crystal layer on a GaN buffer layer is 
explained. 

[0028] First the impurity beyond limit of detection was not detected in the GaN single crystal layer deposited in respect of impurity 
mixing using TEG from the result of the SIMS profile of drawin g 5 explained above. However, about 1.5 times as much carbon as the 
carbon level in the GaN single crystal layer deposited using TEG into the GaN single crystal layer deposited using TMG was detected. 
Any sample was high resistance when the electrical characteristics of the sample which used TMG or TEG for the raw material of a 
GaN single crystal layer were investigated by hole measurement. 

[0029] However, when photoluminescence was measured at low temperature, as shown in drawing 6 , from the GaN single crystal using 
TMG, big band edge luminescence was observed from the GaN single crystal using TEG to luminescence from a deep level being 
dominant. 

[0030] Furthermore, the result of having investigated the GaN single crystal thickness dependency of the full width at half maximum of 
the difPi^action peak of a field (0002) using the X diffraction is drawing 7 . It turned out that the full width at half maximum of a 
difFi^ction peak is narrower than the conventional technique which used TMG, and this invention which used TEG for the GaN single 
crystal layer is excellent in C shaft stacking tendency. 

[0031] As mentioned above, the good GaN single crystal layer was obtained by using TMG for the material gas of a buffer layer, and 
using TEG for the raw material of a single crystal layer. If it collects, it will become as it is shown in the following tables. 
[0032] 
[Table 1] 
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[0033] In addition, in this example, although the sapphire C side was used as a substrate, it is in ** that which direction is sufficient as 
field bearing. It cannot still be overemphasized that a substrate is not necessarily restricted to sapphire, for example, the same 
effectiveness is acquired also with substrates, such as SiC. 

[0034] (Example 2) The 2nd deposition approach of the laminated structure of the GaN crystal shown in drawin g 1 is explained. As the 
temperature profile and gas supply profile of drawing 8 show, after it installs silicon on sapphire 1 on the susceptor in a fission reactor 
and it carries out evacuation in advance of MOVPE vapor growth first in the hydrogen ambient atmosphere of 70Torr, it heats for 1 5 
minutes at 1100 degrees C, and substrate surface cleaning is performed. Next, after cooling to 500 degrees C or 600 degrees C, shunt 
a part for GOmicro mol/for TMG, a part for 2.5Lyand carrier hydrogen are 2L/Shunted for ammonia, and 50nm of GaN buffer layers 2 is 
deposited. Next, after suspending only supply of TMG and carrying out the temperature up of the temperature to 1030 degrees C, it 
heat-treats by holding this condition for 1 hour. Next, TEG is supplied by 60micro mol/and 1.2 micrometers of GaN single crystal layers 
3 are deposited. Next, only supply of TEG is suspended and it cools to a room temperature in the mixed ambient atmosphere of 
ammonia and hydrogen. 

[0035] In order to investigate the effectiveness of heat treatment, it is drawin g 9 which showed the full width at half maximum of the 
surface roughness of the GaN buffer layer deposited at 500 degrees 0 and 600 degrees 0 to heat treatment time amount, and (0002) 
the X diffraction peak of a field, respectively. It turned out that roughness will increase if the strong buffer layer of the polycrystal 
condition deposited at 500 degrees C is heat-treated 30 minutes or more, and it single-crystaHzes gradually. At this time, it turned out 
that the X diffraction peak-mesial-magnitude full of the GaN single cr/stal layer on the buffer layer which added this heat treatment 
becomes narrow corresponding to single-crystalHzing of a buffer layer, and crystallinity improves. 

[0036] on the other hand, even if the roughness of the buffer layer deposited at 600 degrees C adds heat treatment, it hardly changes, 
but it is quite close to a single crystal condition — it is a stable buffer layer thermally. At this time, the X diffraction peak-mesial- 
magnitude full of the GaN single crystal layer on the buffer layer which added this heat treatment hardly changes. It turned out that the 
polycrystal GaN buffer layer of the degree of various single-crystaHzing exists in the temperature region between 500 degrees C and 
600 degrees 0 from the result of the above heat treatment, and the optimal polycrystal condition for easing distortion by the large 
substrate of grid mismatching exists. 

[0037] When heat treatment was added, after having deposited the GaN buffer layer from the above result in the temperature region 
between 500 degrees C and 600 degrees G, and depositing at 540 degrees 0, when heat treatment was added at 1030 degrees C for 15 
minutes, the highest value to which it is not reported until now that the X diffraction peak-mesial-magnitude full of the GaN single 
crystal layer on a buffer layer is 90 seconds was acquired, it is high resistance and the very strong quality GaN single crystal of band 
edge luminescence was obtained. 

[0038] This experimental result to heat treatment has desirable 1000 degrees 0 or more, at the temperature not more than this, heat 
treatment time amount will be taken too much, and crystallinity will fall conversely. Moreover, in order for heat treatment time amount 
to also avoid crystalline degradation, less than 1 hour is desirable. 

[0039] In addition, in this example, although the sapphire 0 side was used as a substrate, it is in ** that which direction is sufficient as 
field bearing. It cannot still be overemphasized that a substrate is not necessarily restricted to sapphire, for example, the same 
effectiveness is acquired also with substrates, such as SiC. 

[0040] Moreover, equivalent effectiveness will be acquired if a heat treatment ambient atmosphere is an ambient atmosphere not only 
containing the mixed ambient atmosphere of ammonia and hydrogen but nitrogen atoms which can control dissociation of a nitrogen 
atom from a GaN single crystal front face, such as an ambient atmosphere and bee nitrogen gas. 

[0041] In this example, although the material gas of a buffer layer is set to TMG. since it is heat-treating after deposition of a buffer 
layer, it is good also considering TEG gas as a raw material. 

[0042] (Example 3) On the GaN single crystal produced in the example 1 or the example 2, crystal growth is performed and 
semiconductor laser is manufactured. 

[0043] First, the GaN single crystal 3 shown in drawing 1 has small high impurity concentration, its front face is also flat, and since the 

stacking tendency of 0 shaft is also excellent, crystal growth suitable for semiconductor laser is made by it on this crystal 3, 

[0044] The semiconductor laser of double hetero structure which prepared the GaN barrier layer as a barrier layer as a barrier layer on 

the single crystal 3 at the both sides of an InGaN layer and a barrier layer consists of this examples. As this laser was mentioned 

above, the buffer layer and the GaN single crystal layer 3 by the side of a substrate have structure suitable for a subsequent crystal. 

[0045] 

[Effect of the Invention] If according to the first manufacture approach of this invention a large temperature region is covered, a buffer 
layer with a flat front face can be deposited and it deposits especially in this pyrosphere as stated above, the residual impurity in a GaN 
buffer layer can be controlled, and diffusion mixing of the impurity to the inside of a buffer layer top GaN single crystal can be 
controlled. Furthermore also in the growth of a GaN single crystal itself, mixing of an impurity can be controlled upwards, and the good 
GaN single crystal layer of G shaft stacking tendency can be realized. 

[0046] According to the second manufacture approach of this invention, it is possible to realize the polycrystal condition of the optimal 
GaN buffer layer for easing distortion produced between the large substrates of grid mismatching, and a high quality GaN single crystal 
layer with ideal G shaft stacking tendency is realized. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] Drawing showing the cross section of an experiment sample 

[ Drawin g 2] Drawing showing the molecular structure of trimethylgallium (TMG) and triethylgallium (TEG) 

[ Drawin g 3] Drawing showing the temperature profile and gas supply profile concerning an example 1 of this invention 

[Drawin g 4] Drawing showing the growth temperature dependence of the surface roughness (irregularity) at the time of growing up in a 

GaN low-temperature deposit, i.e., a buffer layer, on silicon on sapphire by the MOVPE method 

[Drawing 5] Drawing showing the SIMS analysis result of the residual impurity in the sample which used TMG and deposited the GaN 
buffer layer (a low-temperature deposit, 600 degrees C) and the GaN single crystal layer (an elevated-temperature deposit, 1030 
degrees C) on silicon on sapphire 

[ Drawin g 6] Drawing showing the low-temperature (16K) photoluminescence of the GaN single crystal deposited using TMG or TEG 
[Drawin g 7] Drawing showing the GaN single crystal thickness dependency of the full width at half maximum of the diffraction peak of 
the field (0002) observed using the X diffraction 

[Drawing 8] Drawing showing the temperature profile and gas supply profile concerning an example 2 of this invention 
[Drawing 93 Drawing having shown the full width at half maximum of the surface roughness of the GaN buffer layer deposited at 500 
degrees C and 600 degrees C to heat treatment time amount, and (0002) the X diffraction peak of a field, respectively 
[Description of Notations] 

1 Silicon on Sapphire 

2 GaN Buffer Layer 

3 GaN Single Crystal Layer 
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[ Drawin g 6] 
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[Drawin g 7] 
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[Drawing 9] 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 2nd partition of the 7th section 
[Publication date] April 13, Heisei 13 (2001. 4.13) 

[Publication No.] JP.8-264899,A 

[Date of Publication] October 11, Heisei 8 (1996. 10.11) 
[Annual volume number] Open patent official report 8-2649 
[Application number] Japanese Patent Application No. 7-66110 
[The 7th edition of International Patent Classification] 

HOIS 5/30 
HOIL 33/00 
// HOIL 21/205 



[Procedure revision] 

[Filing Date] May 29. Heisei 12 (2000. 5.29) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The manufacture approach of the gallium nitride system semi-conductor characterized by having the process which forms a 
semi-conductor layer, using triethylgallium as Ga material gas. 

[Claim 2] The manufacture approach of the gallium nitride system semi-conductor characterized by having the process which forms the 
1 st semi-conductor layer using Ga material gas, and the process which forms the 2nd semi-conductor layer using Ga material gas of a 
different class from said Ga material gas. 

[Claim 3] The manufacture approach of the gallium nitride system semi-conductor characterized by having the process which forms the 
1st semi-conductor layer, using trimethylgallium as Ga material gas, and the process which forms the 2nd semi-conductor layer, using 
triethylgallium as Ga material gas. 

[Claim 4] The manufacture approach of the galfium nitride system semi-conductor according to claim 3 characterized by the growth 
temperature of the 2nd semi-conductor layer being higher than the growth temperature of the 1st semi-conductor layer. 
[Claim 5] The manufacture approach of a gallium nitride system semi-conductor according to claim 3 that the 1st semi-conductor layer 
is characterized by a GaN low-temperature buffer layer and the 2nd semi-conductor layer being GaN system single crystal layers. 
[Claim 6] The gallium nitride system semi-conductor with which it is the gallium nitride system semi-conductor which has the 1st semi- 
conductor layer and the 2nd semi-conductor layer, and band edge luminescence reinforcement of said 2nd semi-conductor layer is 
characterized by being stronger than the band edge luminescence reinforcement of said 1st semi-conductor layer. 
[Claim 7] The manufacture approach of the gallium nitride system semi-conductor according to claim 2 characterized by having a heat 
treatment process between the process which forms the 1st semi-conductor layer, and the process which forms the 2nd semi- 
conductor layer. 

[Claim 8] The manufacture approach of the gallium nitride system semi-conductor according to claim 7 characterized by including a 
nitrogen atom in the heat treatment controlled atmosphere in a heat treatment process. 

[Claim 9] The gallium nitride system semi-conductor according to claim 6 characterized by including In atom in the 2nd semi-conductor 
layer. 

[Claim 10] The gallium nitride system semi-conductor light emitting device to which it is the gallium nitride system semi-conductor light 
emitting device which has the 1 st semi-conductor layer and the 2nd semi-conductor layer, and band edge luminescence reinforcement 
of said 2nd semi-conductor layer is characterized by being stronger than the band edge luminescence reinforcement of said 1 st semi- 
conductor layer. 



[FI] 



HOIS 3/18 
HOIL 33/00 
21/205 



C 



[Translation done.] 



